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the correlation between each measurement is not clear. We explored associations of 
baseline	relative	“resilience”	and	risk	with	later	self-	reported	trait	resilience	and	other	
biological/mental health indices.
Methods: We	 utilized	 baseline	 and	 follow-	up	 survey	 data	 from	 500	 participants	
aged	30–	64	in	the	community	cohort.	Baseline	“relative”	resilience	was	defined	by:	
(a)	negative	 life	events	 (NLEs)	 in	the	six	months	before	baseline	and	(b)	depressive	




ability	 (HRV)	 indices	at	follow-	up	were	assessed	with	generalized	 linear	regression	
models	after	adjustments.	Associations	between	baseline	resilience	and	subsequent	




HRV,	 which	was	 compared	with	 the	 significant	 positive	 association	 observed	 be-
tween	CD-	RISC	and	HRV	at	the	same	follow-	up	time	point.	The	“Reactive”	exhibited	
significantly	 increased	 depressive	 symptoms	 at	 follow-	up.	 The	 overall	 distribution	
pattern	of	CD-	RISC	subfactors	differed	by	baseline	resilience	status	by	sex.
Conclusions: The “relative” resilience based on the absence of depression despite 
prior	adversity	seems	to	be	highly	related	with	trait	resilience	at	follow-	up	but	not	
with	HRV.	The	sub-	factor	pattern	of	CD-	RISC	was	different	by	sex.
K E Y W O R D S
CD-	RISC,	depression,	heart	rate	variability,	loneliness,	longitudinal	study,	resilience
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1  | INTRODUC TION
Psychological resilience is multidimensional and can be defined in 
various	 ways.	 For	 example,	 a	 new	 research	 agenda	 for	 resilience	
research gives working definitions of resilience as a (a) capacity (or 
trait),	 (b)	 process	 (or	 adaptivity	 to	 stressful/traumatic	 event),	 and	
(c)	 outcome	 (Choi	 et	 al.,	 2019).	 Various	 measures	 have	 been	 ap-
plied	to	assess	resilience.	As	trait	resilience	can	be	interpreted	as	a	
more	distal	 and	 lasting	characteristic,	 state	 resilience	 is	 construed	
as	more	recent	and	responsive	to	life	events.	Some	studies	have	in-




after psychological stress or a lack of lifetime psychiatric disorders 
after	 exposure	 to	 traumatic	 life	 events	 (Amstadter	 et	 al.,	 2014;	
Yehuda	et	al.,	2006).	Others	administered	structured	scales	(Bartone	






insufficient. Power spectrum analysis of heart rate variability (HRV) 
has been suggested as one global index of psychophysiological resil-
ience; this measurement is known to reflect sympathovagal balance 
related	to	autonomic	flexibility	(An	et	al.,	2019).	Additionally,	some	
studies report psychological resilience was associated with stress 
reactivity measures such as hair cortisol and hypotalamic– pituitary– 
adrenal axis reactivity including cardiovascular and electrodermal 
measurement	 of	 heart	 rate	 and	 skin	 conductance	 level	 (Lehrer	
et	al.,	2020;	Winslow	et	al.,	2015).	Comparing	these	measurement	
modalities may aid in disentangling the complexity of resilience.
Additionally,	it	is	essential	to	recognize	that	the	term	“resilience”	
implies	 both	 cross-	sectional	 and	 temporal	 aspects:	 trait	 resilience	
and	 the	 relative	 or	 outcome-	based	 resilience.	 To	 clarify,	 both	 as-
sessments should be made longitudinally and compared. The con-
sistency between an operationally defined “relative” resilience state 
definition and the later measurement of “trait or state” resilience 
measured	with	CD-	RISC	 should	 be	 examined	 to	 assess	 the	multi-
dimensionality	 of	 this	 complicated	 term.	 A	 comparison	 of	 “state”	
resilience	markers,	 including	CD-	RISC	 and	HRV,	 and	operationally	
defined “relative” resilience would indicate whether relative resil-
ience is linked to later trait resilience.
A	number	of	studies	have	evaluated	resilience	state	as	a	predic-
tor	of	other	mental	health	outcomes,	especially	depression	(Hjemdal	
et	 al.,	 2007;	Min	 et	 al.,	 2013).	 Although	 the	 heterogeneity	 of	 de-
pression	 is	widely	 recognized	 (Goldberg,	 2011),	 it	 is	 still	 unknown	
whether	 resilience	 is	 protective,	 and	particularly	 for	which	 aspect	
of	depression	subtype.	Loneliness	is	another	outcome	for	which	the	
impact	of	resilience	has	been	examined;	however,	the	results	are	not	
consistent regarding the association between resilience and loneli-
ness	(Gerino	et	al.,	2017;	Perron	et	al.,	2014).
Additionally,	 a	 number	 of	 previous	 literatures	 have	 evaluated	
the gender difference in resilience; some research reported that 
women are more vulnerable in the aspect of psychological resil-
ience	 (Bonanno	 et	 al.,	 2011),	 and	 this	 deviation	was	 suggested	 as	
the	result	 from	different	social-	ecological	stressors,	social	support	
and	 resources,	 and	 power	 to	 negotiate	 between	men	 and	women	
(Riger,	2001).	Furthermore,	gender	difference	was	reported	regard-
ing the multidimentional nature of psychological resilience; one 
study,	including	people	who	experience	spousal	loss,	suggested	that	
gender	 influenced	 each	 sub-	dimensions	 (i.e.,	 life	 satisfaction,	 neg-
ative	 affect,	 and	 positive	 affect)	 of	 resilience	 differently	 (Infurna	
&	 Luthar,	 2017),	 and	 a	 longitudinal	 study	 from	 elderly	 population	
asserted that there was different gender effect regarding the as-
sociation	 between	 each	 resilience	 subdomain	 (e.g.,	 physical	 activ-
ity,	 emotional	 support,	 and	 solitary	 leisure	 activity)	 and	mortality.	
(Walter-	Ginzburg	et	al.,	2005).




we compared baseline resilience and risk with other mental health 
outcomes,	loneliness,	and	depressive	symptom	at	follow-	up.
2  | METHODS
2.1 | Selection of the participants
We	 used	 data	 from	 the	 1st	 follow-	up	 of	 the	 Cardiovascular	 and	














vided	 information	 about	 their	 sociodemographic	 variables,	 physi-
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asked	 whether	 they	 had	 experienced	 the	 listed	 stressful	 events,	
such as the death of a close family member or problems in their 
workplaces,	in	the	past	six	months.	If	the	respondents	reported	any	
items	from	the	questionnaire,	an	additional	question	on	the	impact	
of	 the	 corresponding	 event	was	 given	 as	 a	 Likert	 scale;	 the	 influ-
ence	of	the	item	could	be	rated	from	−3	(extremely negative) to +3 
(extremely positive).
In	the	follow-	up	survey	of	2019,	most	of	the	measurements	were	
repeated from the baseline assessment. Trained interviewers cov-
ered	all	items	in	the	questionnaire.	Compared	with	the	baseline	sur-
vey,	several	additional	measurements	were	made	at	the	follow-	up.	
In	 short,	 trained	 interviewers	 administered	 the	 Connor-	Davidson	
Resilience	 Scale	 (CD-	RISC)	 and	UCLA	 Loneliness	 Scale	 (ULS),	 and	
heart	rate	variability	(HRV)	was	measured	with	SA-	2000E	(Medicore	




α =	 .92),	 and	 test–	retest	 reliability	 (r =	 .875);	 Jung	et	 al.	 also	 sug-
gested	five	subfactors	after	confirmatory	factor	analysis,	using	the	
same	validation	population	(Jung	et	al.,	2012).	Heart	rate	variability	
reflects	 the	 autonomic	 input	 to	heart	 rate,	 allowing	 an	 estimation	
of	 the	 transition	 of	 autonomic	 tone	 (Stein	 et	 al.,	 1994).	 Higher-	
frequency	 (HF)	 power	 is	 reported	 as	 a	marker	 of	 vagal	 influence,	
whereas	 low-	frequency	 (LF)	 power	 is	 a	marker	 of	 cardiac	 sympa-
thetic	 tone	and	parasympathetic	modulation	 (Tsuji	 et	 al.,	1994).	 In	
the	morning	 after	breakfast	 time,	participants	had	a	5-	min	prepa-
ration	 time,	 sitting	 in	 a	 relaxed	 way.	 The	 HRV	 device	 has	 three	
electrocardiogram	 sensors	 applied	 on	 each	 participant's	 right/left	
wrist and left ankle. Electrocardiogram data were collected at a rate 
of	 500/s	 for	 5	min,	 followed	by	HRV	data	 analysis.	 Low	HRV	has	
been reported to be associated with adverse mental health events 
such	 as	 anxiety	 or	 depression.	 Reduced	 HF	 and	 LF/HF	 ratio	 are	
known	 to	 associate	 post-	traumatic	 stress	 disorder	 symptoms	 (An	
et	al.,	2020).	The	standard	deviation	of	the	NN	interval	(SDNN)	is	an	
index highly correlated with the sympathetic and parasympathetic 
nervous system. The physical stress index (Psi) reflects the pressure 
given	 on	 the	 regulation	 system.	 Total	 power	 includes	HF,	 LF,	 and	
very	low	frequency,	which	reflect	the	autonomic	nervous	system's	
overall	activity.	Root	mean	square	of	differences	between	succes-





2.3 | Defining psychological resilience at 












the	 five-	factor	 structure	 found	 by	 the	 original	 validation	 study	
(Jung	et	al.,	2012)	to	our	current	data:	factor	1	for	the	“driving	force	
for	achievement”	(items	6,	10,	21,	22,	23,	24,	and	25),	factor	2	for	
“adaptability	 to	adversity	or	 stressful	 situations”	 (items	8,	12,	13,	
14,	16,	17,	and	19),	 factor	3	for	the	“resource	to	overcome	adver-
sity”	(items	1,	2,	4,	5,	11,	and	13),	factor	4	for	“self-	direction”	(items	














liver	 disease,	 chronic	 hepatitis,	 liver	 cirrhosis,	 thyroid	 disorders,	
asthma,	 chronic	 obstructive	 pulmonary	 disease,	 osteoporosis,	 ar-
thritis,	and	autoimmune	disease.	Body	mass	index	was	calculated	as	
dividing	weight	by	squared	height	(kg/m2).	Lifestyle	variables	such	as	




as people with at least 150 min of moderate or 75 min of vigorous 
aerobic	activity	during	the	week	on	average.	For	women,	menopau-
sal	 status	was	 categorized	 as	 “menopause,”	 “perimenopause,”	 and	
“pre-	menopause.”
2.5 | Statistical analysis
The four groups defined by baseline relative resilience status were 
compared	 with	 various	 demographic,	 physical,	 and	 lifestyle	 vari-
ables,	using	ANOVA	 for	 continuous	variables	and	chi-	square	 tests	
for the categorical variables.
To estimate the associations between baseline operationally de-
fined	 resilience	 status	 and	CD-	RISC	 scores	 at	 follow-	up,	 including	
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the	total	and	subscores	by	factor,	a	generalized	linear	mixed	model	
was	used	with	 “Resilient”	as	a	 reference	group,	after	adjusting	 for	
demographic	factors,	lifestyle	factors,	comorbidity,	and	menopausal	
status in the case of women. The same method was used to assess 
baseline	resilience	status	and	CD-	RISC	with	indices	from	HRV	mea-








structure,	 “cognitive-	affective”	 depression	 and	 “somatic-	affective”	
depression,	 from	 our	 previous	 analysis.	 Cognitive	 depression	
comprised	 items	 1–	5	 from	 the	 PHQ-	9,	 including	 anhedonia	 and	
hopelessness,	whereas	somatic	depression	comprised	PHQ-	9	items	
6–	9,	 suggesting	 change	of	 appetite,	 psychomotor	 retardation,	 and	
difficulty	in	concentrating	(Lee	et	al.,	2020).	Furthermore,	we	exam-
ined	 associations	between	 the	 two	measurements	 at	 follow-	up	of	
the	CD-	RISC	score	and	heart	rate	variability	indices	using	the	same	
generalized linear mixed model.
2.6 | Statement of ethics
The protocol of this study was approved by the Institutional Review 
Board	of	Yonsei	University	 (YUIRB-	4-	2013-	0661),	and	written	 in-
formed	consent	was	provided	by	all	participants.	All	procedures	in	
this work complied with the ethical standards of the relevant na-
tional and institutional committees on human experimentation and 
with	the	Helsinki	Declaration	of	1975,	as	revised	in	2008.










(N = 10) p- value
Age,	Mean	(SD) 53.13 (7.3) 50.66	(9.2) 53.93	(6.9) 54.70 (5.3) .004




61	(36.3) 122	(43.6) 12	(28.6) 2 (20.0) .096
Highest	quartile	of	yearly	
Household	income,	N (%)f 
34 (20.2) 47	(16.8) 5 (11.9) 2 (20.0) .591
Currently	married,	living	together,	
N (%)
150	(89.3) 242	(86.4) 36	(85.7) 7 (70.0) .324
Presence	of	major	comorbidity,	N 
(%)f 
85	(50.6) 124 (44.3) 23	(57.8) 5 (50.0) .437
Hypertension,	N (%)f  41 (24.4) 58	(20.7) 10	(23.8) 3 (30.0) .747
Diabetes,	N (%)f  19 (11.3) 31 (11.1) 6	(14.3) 0 (0) .644
Body	mass	index	(kg/m2),	Mean	
(SD)
23.4	(2.8) 23.9	(2.8) 23.5 (3.1) 25.4 (4.0) .064
Lifestyle	factors,	N (%)
Current cigarette smokerf  11	(6.6) 30 (10.7) 6	(14.3) 3 (30.0) .053
Current alcohol consumer 98	(58.3) 171	(61.1) 24 (57.1) 8	(80.0) .545
Regular exercisee,f  76	(45.2) 146	(52.1) 16	(38.1) 3 (30.0) .146




6.4	(4.5) 9.1 (4.9) 26.0	(4.7) 22.9 (3.0) <.001
Mini	Mental	State	
Examination-	DS	(range:	0–	30)
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3  | RESULTS
The four groups defined by resilience at the initial assessment 
showed an overall difference in age and cigarette smoking. The 
“Resilient” at baseline tended to be younger and to smoke less. The 
“Vulnerable” tended to be older and to smoke more than the other 
groups.	 However,	 other	 variables	 such	 as	 family	 income,	 marital	
status,	 comorbidity,	 alcohol	 consumption,	 exercise,	 and	menopau-
sal status in women did not show any significant difference at the 
baseline	 (Table	 1).	 The	 mean	 scores	 of	 the	 CD-	RISC	 were	 69.72	
(SD =	14.1)	in	men	and	68.14	(SD =	16.4)	in	women,	which	did	not	
significantly differ (p =	.276).
The	 total	 CD-	RISC	 score	 at	 follow-	up	 showed	 significant	 neg-
ative associations with the baseline “Reactive” group in both men 
(adjusted-	β =	−11.204,	p =	 .025)	and	women	(adjusted-	β =	−9.472,	
p = .002) compared with the “Resilient.” This pattern remained for 
all subfactors in both sexes. The baseline “Vulnerable” group also 
















status between men and women. “Resilient” women showed higher 
scores	 overall	 for	 the	 five	 subfactors	 of	 CD-	RISC	 at	 follow-	up,	
whereas	“Resilient”	men	showed	relatively	low	self-	direction.	Also,	
men with “Reactive” depression showed relatively higher resources 
to	overcome	adversity,	whereas	women	in	the	corresponding	group	




Comparison of baseline relative resilience and risk categories 
with	other	mental	health	indices	at	follow-	up	found	that	“Reactive”	
women and “Vulnerable” men showed strong positive associations 
with	 loneliness	as	measured	with	the	UCLA	Loneliness	Scale	com-
pared	with	the	reference	Resilient	category	 (Reactive	women:	adj-	
β =	4.63,	p =	 .001;	Vulnerable	men:	adj-	β =	14.50,	p = .010). The 
Reactive group also showed significant positive associations with 
PHQ-	9	 at	 follow-	up	 in	 both	men	 and	women	 (men:	 adj-	β =	 2.32,	
p =	.043;	women:	adj-	β =	2.87,	p <	.001),	exhibiting	relatively	strong	
associations	with	somatic-	affective	factor	scores	(men:	adj-	β =	1.60,	
p =	.025;	women:	adj-	β =	1.87,	p <	.001).	In	contrast,	the	“Vulnerable”	
group	did	not	show	a	significant	association	with	overall	PHQ-	9	at	
follow-	up.	People	who	were	unexposed	to	adverse	events	and	had	





depression	 group.	 People	who	 exhibited	 reactive	 depression,	 that	
is,	reporting	past	adverse	events	with	consequent	depressed	symp-
toms,	showed	significantly	reduced	scores	overall	and	on	most	of	the	
F I G U R E  1  The	five	subfactors	from	Connor	Davidson	Resilience	Scale











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     |  9 of 11JUNG et al.





previous	 studies	 explored	 the	 determining	 factors	 of	 resilience,	
ranging	from	socio-	environmental	factors,	cognitive-	behavioral	pat-
terns,	and	genetics	 to	physical	status	 (Choi	et	al.,	2019).	However,	
few studies have sought to explain the more significant reduction of 
the	resilience	trait	after	depression,	especially	in	people	who	had	de-
pressive symptoms as a reaction to a stressful life event. It is possi-
ble that people who suffered depression at baseline already showed 
weak	resilience	traits,	a	result	lasting	over	five	years.	It	is	also	likely	
that	adverse	life	events	would	reduce	the	resilience	score;	however,	
people manifesting the relative resilience were protected from fur-
ther resilience impairment.
When comparing the baseline age of groups with resilience 





(26	 years	 or	 under	 vs.	 65	 years	 or	 older),	 the	 older	 adults	 were	
more	 resilient,	 including	emotional	 regulation	and	problem-	solving	
(Gooding	 et	 al.,	 2012).	 However,	 our	 study	 indicates	 that	 people	
after	midlife,	certain	factors,	 including	general	health	status	or	so-
cial	engagement,	which	people	forfeit	as	the	age	 increased,	would	
reduce the psychological resilience trait.
To	note,	we	did	not	observe	a	significant	relationship	between	
baseline	 relative	 resilience	 status	 and	 HRV	 indices	 at	 follow-	up	
(Table	3).	 In	 contrast,	 certain	 indices	 such	as	 LF	or	 LF/HF	of	HRV	





Since	 HRV	 is	 a	 marker	 assessing	 the	 physiological	 domain	 of	 the	
sympathetic and parasympathetic influences of the autonomic ner-
vous	system,	it	is	not	surprising	that	the	CD-	RISC	score	and	individ-
ual indices of HRV exhibit significant correlations when measured 
simultaneously. In comparisons of baseline relative resilience with 
later	CD-	RISC	and	HRV,	CD-	RISC	could	serve	to	capture	the	remain-
ing	effect	of	 a	prior	 resilience	process.	 In	 contrast,	HRV	seems	 to	
reflect	a	more	instant	state	of	resilience.	In	other	words,	CD-	RISC,	
rather	than	HRV,	could	partially	capture	the	conversion	of	relative	
resilience	 to	 trait	 resilience.	 In	 previous	HRV	 studies,	 people	with	
post-	traumatic	stress	disorder,	anxiety,	and	hyperarousal	showed	a	
reduced	 level	of	both	HF	and	LF,	 indicating	a	 chronic	 state	of	 im-
paired	parasympathetic	 inhibition.	 In	this	study,	a	higher	resilience	
state,	which	could	be	reflected	in	a	better	CD-	RISC	score,	was	pos-
itively	 correlated	with	 LF/HF	 in	men	 and	with	 LF	 in	women.	HRV	
was shown to be predictive for a variety of clinical adverse out-
comes	such	as	mortality	(Tsuji	et	al.,	1994)	and	myocardial	infarction	
(Buccelletti	et	al.,	2009),	and	our	study	needs	further	follow-	up	to	
evaluate the role of HRV in predicting other health outcomes.
The relative resilience state defined at baseline showed a sig-
nificant association with later loneliness and depressive symptoms. 
People categorized as “Reactive” depression at baseline also exhib-
ited	increased	depressive	scores	at	follow-	up,	with	stronger	associa-
tions	with	somatic-	affective	factor	scores.	The	two-	factor	structure	
of	 depressive	 symptoms	was	 frequently	 repeated	 in	 several	 stud-
ies,	 (De	Jonge	et	al.,	2007;	Smolderen	et	al.,	2009),	which	was	di-
vided	into	“cognitive	affective”	and	“somatic-	affective”	factors,	and	









esize that previous depression categories could affect later com-
ponents	of	resilience	traits	differentially	by	sex.	For	example,	only	
men in the “Reactive” gave a relatively higher score for “resource 
to	overcome	adversity.”	 In	contrast,	only	women	in	the	Vulnerable	
group	showed	higher	scores	for	self-	direction.	However,	both	men	




comparing operational relative resilience status at baseline and 
follow-	up	measurements	 on	 the	CD-	RISC,	HRV,	 and	other	mental	
health indices. Our sample was large enough to permit subgroup 




a variety of information for modeling. Our results did not compare 
measures directly and considered multiple confounders and poten-
tial	mediators.	The	follow-	up	period	was	similar	for	each	participant	
in	 this	 study,	 five	 years,	which	 enabled	us	 to	 interpret	 the	 results	
more intuitively.
However,	 there	are	 several	 limitations	 to	 this	 study.	The	 inter-
pretation	of	 the	 results	of	 the	 subfactors	of	CD-	RISC	 that	we	ap-
plied in this study needs caution since the factor structure and factor 
loadings have not been consistently replicated in other populations 
(Jung	 et	 al.,	 2012).	 The	 original	 factor	 structure	 also	 showed	 five	
sub-	factors,	 but	 the	 items	 contained	 in	 each	 factor	 differed	 from	
those	of	our	analysis	(Connor	&	Davidson,	2003),	which	may	reflect	




treatment	 for	 depression	 or	 any	 other	 psychiatric	 illness,	 adverse	
childhood	experience,	or	adverse	events	during	the	follow-	up,	which	
10 of 11  |     JUNG et al.




times	 (e.g.,	 10–	15	min)	 for	 the	better	 reliability.	 This	 analysis	 only	
assessed	 relative	 resilience	 and	 trait	 resilience.	 However,	 further	
studies should also evaluate resilience as capacity and process with 
more detailed approach.
In	 summary,	we	observed	a	significant	positive	association	be-
tween	 baseline	 relative	 resilience/risk	 categories	 and	 CD-	RISC	 at	
5-	year	follow-	up,	but	no	significant	association	was	observed	with	
HRV.	The	 trait	 resilience	subfactor	 structure	 follow-	up	was	differ-
ently distributed by the baseline relative resilience and sex. The base-




account. Our results need further replication with different samples. 
Additionally,	validation	of	the	CD-	RISC	and	our	operational	defini-
tion of resilience using other biomarkers such as specific neurohor-
monal	transmitters	or	markers	related	to	the	hypothalamic-	pituitary	
axis,	 renin-	angiotensin	 system,	 insulin/growth	 hormone	 pathway,	
and immunity system is warranted.
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